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Abstract
Deep generative models (DGMs) have achieved remarkable advances. Semi-
supervised variational auto-encoders (SVAE) as a classical DGM offer a principled
framework to effectively generalize from small labelled data to large unlabelled
ones, but it is difficult to incorporate rich unstructured relationships within the
multiple heterogeneous entities. In this paper, to deal with the problem, we present
a semi-supervised co-embedding model for attributed networks (SCAN) based on
the generalized SVAE for heterogeneous data, which collaboratively learns low-
dimensional vector representations of both nodes and attributes for partially labelled
attributed networks semi-supervisedly. The node and attribute embeddings obtained
in a unified manner by our SCAN can benefit for capturing not only the proximities
between nodes but also the affinities between nodes and attributes. Moreover, our
model also trains a discriminative network to learn the label predictive distribution
of nodes. Experimental results on real-world networks demonstrate that our model
yields excellent performance in a number of applications such as attribute inference,
user profiling and node classification compared to the state-of-the-art baselines.
1 Introduction
Network embedding has been receiving significant attention in recent years due to the ubiquity of
networks in our daily lives. The goal of network embedding is to encode entities, e.g. nodes and
attributes, of a specific network into low-dimensional representation vectors, while features of the
network, e.g. nodes’ topological structure [28] and their communities [10], can be decoded from
the inferred embedding vectors. Various graph-based applications, e.g. node classification and
clustering [29; 2], community detection [10; 32], link prediction [1] and expert cognition [15], have
been shown to be able to benefit from network embedding techniques.
Attributed networks as one category of the most important networks are ubiquitous in a myriad of
critical domains, ranging from online social networks to academic collaborative networks, where
rich attributes, e.g. nationalities of the users and journals/conferences the authors published at,
describing the properties of the nodes, are available. Many embedding methods for attributed
networks [13; 38; 11] have been proposed to learn the low-dimensional vector representations of
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nodes via leveraging their topological structure and the associated attributes. In this paper, to further
enhance the effectiveness of the learned representations, we jointly consider whatever information of
the network we have in most real-world scenarios: topological structure and attributes of all nodes,
and a few labels associated with some of the nodes. We refer to such kind of networks owning
these information as partially labelled attributed networks. Embeddings trained with partially label
information can be used to boost the performance of related tasks, where not all the label data are
available. For instance, in tag recommendation for social network users, tags manually labelled for
the expertise of some users can be utilized to train an embedding model to predict tags of those users
missing their tags.
A number of works has been proposed to learn low-dimensional representations for networks either
in unsupervised [13; 38; 11] or semi-supervised [37; 21; 23; 6] ways. However, both of the existing
unsupervised and semi-supervised attributed network embedding methods learn representations for
nodes only, and thus are not able to capture the affinities/similarities between nodes and attributes,
which are the key to the success of many attributed network applications, such as attribute infer-
ence [35; 9] and user profiling [24]. Moreover, a vast majority of existing works predominately
represent node embeddings by a single point in a low-dimensional continuous space, resulting in the
fact that the uncertainty of nodes’ representations can not be captured.
Deep generative models (DGM) have achieved remarkable advances due to their profound basis in
theoretic probability and flexible and scalable optimizing ability of deep neural networks. Semi-
supervised variational auto-encoders [19; 18] as a classical DGM offer a principled framework to
effective generalize from small labelled data to large unlabelled ones, but have limited applicability
to incorporate rich unstructured relationships within the multiple heterogeneous entities. To alleviate
the aforementioned problems, we introduce a Semi-supervised Co-embedding Attributed Network
algorithm, SCAN, built based on the generalized SVAE for the heterogeneous data, that is able
to co-embed both attributes and nodes of partial labelled networks in the same semantic space.
SCAN collaboratively learns low-dimensional vector representations of both attributes and nodes
in the same semantic space in a semi-supervised way, such that the affinities between them can be
effectively measured and the partial labels of nodes can be fully utilized. The learned nodes’ and
attributes’ embeddings in the same semantic space are, in turn, utilized to boost the performance of
many down-stream applications, e.g., user profiling [24], where the relevance of users (nodes) and
keywords (attributes) can be directly measured by, e.g., cosine similarity. In our SCAN, we infer
the embeddings of both nodes and attributes and represent them by means of Gaussian distributions.
With the natural property of latent presentations (i.e., Gaussian embeddings in our case), SCAN
innately represents their uncertainty with the corresponding variances of the inferred embeddings.
Our contributions can be summarized as follows: 1(1) We generalize SVAE to the heterogeneous
data and propose a novel semi-supervised co-embedding model for attributed networks, SCAN, to
collaboratively learn representations of nodes and attributes in the same space such that proximities
between nodes as well as affinities between nodes and attributes of networks can be effectively
measured. (2) Our SVAE model jointly optimizes a variational evidence lower bound consisting
of five atomic observations based on two entities and two relationships, to obtain the Gaussian
embeddings of nodes and attributes and a discriminator for node classification, where the mean
vectors denote the position of nodes and attributes and the variances capture uncertainty of their
representations. (3) We perform extensive experiments on real-world attributed networks to verify
the effectiveness of our embedding model in terms of three network mining tasks, and the results
demonstrate that our model is able to significantly outperforms state-of-the-art methods.
2 Related Work
Many unsupervised representation learning methods have been proposed to embed various networks
into low-dimensional vectors of nodes. Approaches such as DeepWalk [28], node2vec [10] and
LINE [29] learn embeddings for plain networks, where only topological structure information is
utilized based on random walks or edge sampling. The Structural Deep Network Embedding [30]
model embeds a network by capturing the highly non-linear network structure so as to preserve the
global and local structure of the network. Wang et al. [32] incorporate the community structure
of network into result embeddings to preserve both of the microscopic and community structures.
1The code of our SCAN is publicly available from: https://github.com/mengzaiqiao/SCAN.
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Some other work obtains embeddings for non-plain networks with rich auxiliary information, such as
labels, node attributes and text contents, in addition to the topological structure networks [36; 31].
Hamilton et al. [11] propose the GraphSAGE model that learns node representations by sampling and
aggregating features from nodes’ local neighbourhoods. Zhang et al. [38] and Gao et al. [8] propose
their customized deep neural network architectures to learn node embeddings, while capturing the
underlying high non-linearity in both topological structure and attributes. CAN [27] is a model
that unsupervisedly learns embedding for both nodes and attributes by their customized DGM.
Their results show that combining different types of auxiliary information, rather than using only
the topological features, can provide different insights of embedding of nodes. Recently, a few
approaches embed nodes by distributions and capture the uncertainty of the embeddings [12; 7; 1].
For example, the KG2E model [12] represents each entity/relation of knowledge graphs as a Gaussian
distribution. In terms of embedding attributed networks, Aleksandar et al. [1] embed each node as
Gaussian distribution according to the energy-based loss of personalized ranking formulation.
Recently, learning representations of entities for networks by semi-supervised ways has also been
widely studied. Planetoid [37] is a network representation learning model for semi-supervised node
classification but not for capturing affinities between embeddings of nodes and attributes. Kipf
et.al [21] propose a graph convolutional neural network model for attributed networks for semi-
supervised classification task, which also outputs embedding for nodes only. Liang et.al [23] propose
a semi-supervised learning model, called SEANO, which utilizes dual-input and dual-output deep
neural networks to learn node embedding encompassing information related to structure, attributes,
and labels explicitly alleviating noise effects from outliers. More recently, a semi-supervised deep
generative model for attributed network embedding has been proposed [6], which applies the gen-
erative adversarial nets (GANs) to generates fake samples in low-density areas in networks and
leverages clustering property to help classification. However, it still learns embeddings for nodes
only. Therefore, the embeddings obtained by these models might not be directly utilized in other
applications such as attribute inference and user profiling.
3 Semi-supervised Variational Auto-encoder
The Semi-supervised Variational Auto-encoders (SVAEs) are a kind of generative semi-supervised
models for partially labelled data that learn representations of data by jointly training a probabilistic
encoder, probabilistic decoder as well as a label predictive neural networks [19; 18], while the small
labelled data sets can be generalized to large unlabelled ones. SVAEs have received a lot of attention
due to their wide applicability in domains such as text classification [34], machine translation [4] and
syntactic annotation [5]. In this section, we fist review the construction of an SVAE for homogeneous
entities, and then extend it to the setting of heterogeneous data.
3.1 Semi-supervised Learning for Homogeneous Data
We first consider the homogeneous data that appear as pairs O = {(x1,y1) , . . . , (xN ,yN )}, with
yi ∈ {0, 1}1×K being the one-hot vector representing the label of i-th observation xi ∈ RF where K
is the number of classes and F is the feature dimension. In order to incorporate unlabeled data in the
learning process, previous work on deep generative semi-supervised models optimize a variational
bound J on the marginal likelihood for N1 labelled data points and N2 unlabelled data points:
J =
N1∑
i=1
L(xi,yi) +
N2∑
j=1
U(xj), (1)
where L(xi,yi) is the evidence lower bound (ELBO) for a labelled data point and U(xj) is the
ELBO for an unlabelled one. Normally, a SVAE model also incorporates a classification loss into Eq.
1 to impose the label posterior inference model qφ(y|x) to be able to act as a classifier:
J α = J + α · Ep˜l(x,y) [− log qφ(y|x)] , (2)
where hyper-parameter α controls the weight between generative and purely discriminative learning.
While these models are conceptually simple and easy to train, one potential limitation of this approach
is that marginalization over all K classes becomes prohibitively expensive for a large number of
classes. We leave the discussion of the solution for this limitation to subsection 4.2.
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Another limitation is that they only learn representations for the homogeneous observations, which
are generated independently according to a homogeneous prior, ignoring that heterogeneous data
observations are ubiquitous in the real world. For example, in recommender system items and users
are two independent observations but they are associated with purchase or interaction behaviours.
Many efforts have been paid to co-embedding multiple entities for heterogeneous systems in a fully
unsupervised learning procedure [27; 22]. However, to our knowledge, no model in the literature can
learn embeddings for heterogeneous data with multiple entities in a semi-supervised way. Hence, in
the next subsection we will present a model that allows to learn multiple entity observations having
arbitrary conditional dependency structures and arbitrary label for each type of entity.
3.2 Semi-supervised Learning for Heterogeneous Data
We consider a generalized form of semi-supervised model for heterogeneous data that appear as
triples instead of pairs. Let O = (X ,Y,R) be a triple set of the heterogeneous observation data,
where X = (X1, · · · ,XT ) is the entity set with multiple types (e.g. T types), R = {rij | xgi ∈
Xg,xhj ∈ Xh} is a set containing relationships with rij being the relationship strength of two entities
in same/different types, and Y = (Y1, · · · ,YT ) is the partially labelled set for all types of entities.
Without loss of generality, we can formulate the semi-supervised learning model by first considering
only two entity types, e.g. Xg and Xh. We let Oij = (xgi ,xhj , rij ,Yl) be an atomic data point of the
observation where Yl are the labels of entities if there are, Zij = (zgi , zhj ,Yu) be the collection of
latent variables of the two entities where Yu are the predicted labels for entities without a label, and
Y = (Yu,Yl). Fij = (φ(xgi ), φ(xhj )) is the conditional variables of variational posterior where φ
is a function taking entities’ feature as input for filtering posteriors. Then, the logarithm marginal
likelihood of Oij can be written as:
log p(Oij) ≥Eqφ(Zij |Fij)[log pθ(Oij ,Zij)− log qφ(Zij | Fij)], (3)
where the joint distribution, i.e. pθ(Oij ,Zij), can be represented as:
pθ(Oij ,Zij) = pθ(xgi ,xhj , rij | Zij ,Y)p(Y)p(zgi )p(zhj ). (4)
In most real-world scenarios, such as recommender systems [33] and network embeddings [27],
people only concern about the reconstruction of relations between entities rather than the feature
of the entities, thus pθ(x
g
i ,x
h
j , rij | Zij ,Y) can be simplified to be pθ(rij | Zij ,Y). With the
mean-field approximate inference of the variational posterior qφ(Zij | Fij), Eq. 3 can be written as:
log p(Oij)≥ Eqφ(Zij |Fij)[log pθ(rij |Zij ,Y)]−KL(qφ(Zij | Fij) | p(zgi )p(zhj ))
, −L(Oij), (5)
where L(Oij) is denoted as the ELBO of Oij . Note that φ can be different types depending on
the heterogeneity of the observation entities. Incorporating an additional weighted discriminative
component as in Eq. 2 leads to the following lower bound for overall observations:
J α(O) =
∑
rij∈R
L(Oij) + α · Ep˜l(x,y) [− log qφ(y|x)] . (6)
4 Deep Semi-supervised Attributed Co-embedding
We now turn to the semi-supervised learning problem for the partially labelled attributed networks.
4.1 Problem Definition
Let G = (V,A,A,X,Yl) be a Partially Labelled Attributed Network, with V and A being the
sets of nodes and attributes, respectively, A ∈ RN×N and X ∈ RN×M being the weighted adjacency
matrix and node attribute matrix, respectively, where N = |V| is the number of nodes and M = |A|
is the number of attributes. Yl is the label matrix representing the node labels. Since most nodes’
labels are unknown, V can be divided into two subsets: labelled nodes V l and unlabelled nodes Vu
with their label matrix being Yl and Yu respectively.
The problem of Semi-supervised Attributed Network Co-embedding is defined as:
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Problem. Given a partially labelled attributed network G, learn a mapping function Ξ that satisfies
the following in a semi-supervised way:
G = (V,A,A,X,Yl) Ξ−→ Zn,Za,Yu, (7)
such that both network structure, node attributes and the partial labels can be preserved as much as
possible byZn, Za andYu, whereZn ∈ RN×D andZa ∈ RM×D represent the latent representation
matrices for all the nodes and attributes, respectively, and Yu represents the learned labels for all
the unlabelled nodes. Here D is the size of the embeddings.
4.2 The Semi-supervised Co-embedding Model
Inference network Generative network
Case 3: Oluij
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Case 4: Olaia
<latexit sha1_base64="g7KBtDlxEIQg2nXYW5R0O+0ubCw=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkGVQEyVurBRJPqQmlA5rtNadR6ybxBVlB9g4VdYGECIlZ2Nv8FpM0DLkWwdnXOvfe/xYsEVWNa3sbS8srq2Xtoob25t7+yae/ttFSWS shaNRCS7HlFM8JC1gINg3VgyEniCdbxxI/c790wqHoW3MImZG5BhyH1OCWipbx47wB4gbegncO0SZ05AYESJSK+zu1SQrJ9yfZkVq2pNgReJXZAKKtDsm1/OIKJJw EKggijVs60Y3JRI4FSwrOwkisWEjsmQ9TQNScCUm063yfCJVgbYj6Q+IeCp+rsjJYFSk8DTlfmwat7Lxf+8XgL+hZvyME6AhXT2kZ8IDBHOo8EDLhkFMdGEUMn1rJ iOiCQUdIBlHYI9v/IiaZ9Vbc1vapW6VcRRQofoCJ0iG52jOrpCTdRCFD2iZ/SK3own48V4Nz5mpUtG0XOA/sD4/AHhzJwF</latexit><latexit sha1_base64="g7KBtDlxEIQg2nXYW5R0O+0ubCw=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkGVQEyVurBRJPqQmlA5rtNadR6ybxBVlB9g4VdYGECIlZ2Nv8FpM0DLkWwdnXOvfe/xYsEVWNa3sbS8srq2Xtoob25t7+yae/ttFSWS shaNRCS7HlFM8JC1gINg3VgyEniCdbxxI/c790wqHoW3MImZG5BhyH1OCWipbx47wB4gbegncO0SZ05AYESJSK+zu1SQrJ9yfZkVq2pNgReJXZAKKtDsm1/OIKJJw EKggijVs60Y3JRI4FSwrOwkisWEjsmQ9TQNScCUm063yfCJVgbYj6Q+IeCp+rsjJYFSk8DTlfmwat7Lxf+8XgL+hZvyME6AhXT2kZ8IDBHOo8EDLhkFMdGEUMn1rJ iOiCQUdIBlHYI9v/IiaZ9Vbc1vapW6VcRRQofoCJ0iG52jOrpCTdRCFD2iZ/SK3own48V4Nz5mpUtG0XOA/sD4/AHhzJwF</latexit><latexit sha1_base64="g7KBtDlxEIQg2nXYW5R0O+0ubCw=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkGVQEyVurBRJPqQmlA5rtNadR6ybxBVlB9g4VdYGECIlZ2Nv8FpM0DLkWwdnXOvfe/xYsEVWNa3sbS8srq2Xtoob25t7+yae/ttFSWS shaNRCS7HlFM8JC1gINg3VgyEniCdbxxI/c790wqHoW3MImZG5BhyH1OCWipbx47wB4gbegncO0SZ05AYESJSK+zu1SQrJ9yfZkVq2pNgReJXZAKKtDsm1/OIKJJw EKggijVs60Y3JRI4FSwrOwkisWEjsmQ9TQNScCUm063yfCJVgbYj6Q+IeCp+rsjJYFSk8DTlfmwat7Lxf+8XgL+hZvyME6AhXT2kZ8IDBHOo8EDLhkFMdGEUMn1rJ iOiCQUdIBlHYI9v/IiaZ9Vbc1vapW6VcRRQofoCJ0iG52jOrpCTdRCFD2iZ/SK3own48V4Nz5mpUtG0XOA/sD4/AHhzJwF</latexit><latexit sha1_base64="g7KBtDlxEIQg2nXYW5R0O+0ubCw=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkGVQEyVurBRJPqQmlA5rtNadR6ybxBVlB9g4VdYGECIlZ2Nv8FpM0DLkWwdnXOvfe/xYsEVWNa3sbS8srq2Xtoob25t7+yae/ttFSWS shaNRCS7HlFM8JC1gINg3VgyEniCdbxxI/c790wqHoW3MImZG5BhyH1OCWipbx47wB4gbegncO0SZ05AYESJSK+zu1SQrJ9yfZkVq2pNgReJXZAKKtDsm1/OIKJJw EKggijVs60Y3JRI4FSwrOwkisWEjsmQ9TQNScCUm063yfCJVgbYj6Q+IeCp+rsjJYFSk8DTlfmwat7Lxf+8XgL+hZvyME6AhXT2kZ8IDBHOo8EDLhkFMdGEUMn1rJ iOiCQUdIBlHYI9v/IiaZ9Vbc1vapW6VcRRQofoCJ0iG52jOrpCTdRCFD2iZ/SK3own48V4Nz5mpUtG0XOA/sD4/AHhzJwF</latexit>
Case 5: Ouaia
<latexit sha1_base64="9jhkbbZxSzAn6en54Zp+9k8Rl1I=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkEgEFOlLmwUiT6kJlSO67RWnYfsG0QV5QdY+BUWBhBiZWfjb3DaDNByJFtH59xr33u8WHAFlvVtLCwuLa+sltbK6xubW9vmzm5LRYmk rEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW9Uz/32PZOKR+EtjGPmBmQQcp9TAlrqmYcOsAdI6/oJfHaJMycgMKREpNfZXZqQrJdyfZkVq2pNgOeJXZAKKtDomV9OP6JJw EKggijVta0Y3JRI4FSwrOwkisWEjsiAdTUNScCUm062yfCRVvrYj6Q+IeCJ+rsjJYFS48DTlfmwatbLxf+8bgL+hZvyME6AhXT6kZ8IDBHOo8F9LhkFMdaEUMn1rJ gOiSQUdIBlHYI9u/I8aZ1Ubc1vTis1q4ijhPbRATpGNjpHNXSFGqiJKHpEz+gVvRlPxovxbnxMSxeMomcP/YHx+QPxS5wP</latexit><latexit sha1_base64="9jhkbbZxSzAn6en54Zp+9k8Rl1I=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkEgEFOlLmwUiT6kJlSO67RWnYfsG0QV5QdY+BUWBhBiZWfjb3DaDNByJFtH59xr33u8WHAFlvVtLCwuLa+sltbK6xubW9vmzm5LRYmk rEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW9Uz/32PZOKR+EtjGPmBmQQcp9TAlrqmYcOsAdI6/oJfHaJMycgMKREpNfZXZqQrJdyfZkVq2pNgOeJXZAKKtDomV9OP6JJw EKggijVta0Y3JRI4FSwrOwkisWEjsiAdTUNScCUm062yfCRVvrYj6Q+IeCJ+rsjJYFS48DTlfmwatbLxf+8bgL+hZvyME6AhXT6kZ8IDBHOo8F9LhkFMdaEUMn1rJ gOiSQUdIBlHYI9u/I8aZ1Ubc1vTis1q4ijhPbRATpGNjpHNXSFGqiJKHpEz+gVvRlPxovxbnxMSxeMomcP/YHx+QPxS5wP</latexit><latexit sha1_base64="9jhkbbZxSzAn6en54Zp+9k8Rl1I=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkEgEFOlLmwUiT6kJlSO67RWnYfsG0QV5QdY+BUWBhBiZWfjb3DaDNByJFtH59xr33u8WHAFlvVtLCwuLa+sltbK6xubW9vmzm5LRYmk rEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW9Uz/32PZOKR+EtjGPmBmQQcp9TAlrqmYcOsAdI6/oJfHaJMycgMKREpNfZXZqQrJdyfZkVq2pNgOeJXZAKKtDomV9OP6JJw EKggijVta0Y3JRI4FSwrOwkisWEjsiAdTUNScCUm062yfCRVvrYj6Q+IeCJ+rsjJYFS48DTlfmwatbLxf+8bgL+hZvyME6AhXT6kZ8IDBHOo8F9LhkFMdaEUMn1rJ gOiSQUdIBlHYI9u/I8aZ1Ubc1vTis1q4ijhPbRATpGNjpHNXSFGqiJKHpEz+gVvRlPxovxbnxMSxeMomcP/YHx+QPxS5wP</latexit><latexit sha1_base64="9jhkbbZxSzAn6en54Zp+9k8Rl1I=">AAACDXicbVC 7TsMwFHV4lvIKMLJYFCSmKkEgEFOlLmwUiT6kJlSO67RWnYfsG0QV5QdY+BUWBhBiZWfjb3DaDNByJFtH59xr33u8WHAFlvVtLCwuLa+sltbK6xubW9vmzm5LRYmk rEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW9Uz/32PZOKR+EtjGPmBmQQcp9TAlrqmYcOsAdI6/oJfHaJMycgMKREpNfZXZqQrJdyfZkVq2pNgOeJXZAKKtDomV9OP6JJw EKggijVta0Y3JRI4FSwrOwkisWEjsiAdTUNScCUm062yfCRVvrYj6Q+IeCJ+rsjJYFS48DTlfmwatbLxf+8bgL+hZvyME6AhXT6kZ8IDBHOo8F9LhkFMdaEUMn1rJ gOiSQUdIBlHYI9u/I8aZ1Ubc1vTis1q4ijhPbRATpGNjpHNXSFGqiJKHpEz+gVvRlPxovxbnxMSxeMomcP/YHx+QPxS5wP</latexit>
Case 1: Ollij
<latexit sha1_base64="mvd+EJTnwuZZ4LlIXhUVj9BVNbk=">AAACDXicbVD LSsNAFJ34rPUVdelmsAquSiKC4qrQjTsr2Ae0MUymk3bs5MHMjVhCfsCNv+LGhSJu3bvzb5y0WWjrgYHDOffeufd4seAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2WihJJ WZNGIpIdjygmeMiawEGwTiwZCTzB2t6onvvteyYVj8IbGMfMCcgg5D6nBLTkmoc9YA+Q1vUIbF/grBcQGFIi0qvsNhUic1N+l7lmxapaE+B5Yhekggo0XPOr149oE rAQqCBKdW0rBiclEjgVLCv3EsViQkdkwLqahiRgykkn12T4SCt97EdSvxDwRP3dkZJAqXHg6cp8WTXr5eJ/XjcB/9xJeRgnwEI6/chPBIYI59HgPpeMghhrQqjkel dMh0QSCjrAsg7Bnj15nrROqrbm16eVmlXEUUL76AAdIxudoRq6RA3URBQ9omf0it6MJ+PFeDc+pqULRtGzh/7A+PwB+5OcFg==</latexit><latexit sha1_base64="mvd+EJTnwuZZ4LlIXhUVj9BVNbk=">AAACDXicbVD LSsNAFJ34rPUVdelmsAquSiKC4qrQjTsr2Ae0MUymk3bs5MHMjVhCfsCNv+LGhSJu3bvzb5y0WWjrgYHDOffeufd4seAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2WihJJ WZNGIpIdjygmeMiawEGwTiwZCTzB2t6onvvteyYVj8IbGMfMCcgg5D6nBLTkmoc9YA+Q1vUIbF/grBcQGFIi0qvsNhUic1N+l7lmxapaE+B5Yhekggo0XPOr149oE rAQqCBKdW0rBiclEjgVLCv3EsViQkdkwLqahiRgykkn12T4SCt97EdSvxDwRP3dkZJAqXHg6cp8WTXr5eJ/XjcB/9xJeRgnwEI6/chPBIYI59HgPpeMghhrQqjkel dMh0QSCjrAsg7Bnj15nrROqrbm16eVmlXEUUL76AAdIxudoRq6RA3URBQ9omf0it6MJ+PFeDc+pqULRtGzh/7A+PwB+5OcFg==</latexit><latexit sha1_base64="mvd+EJTnwuZZ4LlIXhUVj9BVNbk=">AAACDXicbVD LSsNAFJ34rPUVdelmsAquSiKC4qrQjTsr2Ae0MUymk3bs5MHMjVhCfsCNv+LGhSJu3bvzb5y0WWjrgYHDOffeufd4seAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2WihJJ WZNGIpIdjygmeMiawEGwTiwZCTzB2t6onvvteyYVj8IbGMfMCcgg5D6nBLTkmoc9YA+Q1vUIbF/grBcQGFIi0qvsNhUic1N+l7lmxapaE+B5Yhekggo0XPOr149oE rAQqCBKdW0rBiclEjgVLCv3EsViQkdkwLqahiRgykkn12T4SCt97EdSvxDwRP3dkZJAqXHg6cp8WTXr5eJ/XjcB/9xJeRgnwEI6/chPBIYI59HgPpeMghhrQqjkel dMh0QSCjrAsg7Bnj15nrROqrbm16eVmlXEUUL76AAdIxudoRq6RA3URBQ9omf0it6MJ+PFeDc+pqULRtGzh/7A+PwB+5OcFg==</latexit><latexit sha1_base64="mvd+EJTnwuZZ4LlIXhUVj9BVNbk=">AAACDXicbVD LSsNAFJ34rPUVdelmsAquSiKC4qrQjTsr2Ae0MUymk3bs5MHMjVhCfsCNv+LGhSJu3bvzb5y0WWjrgYHDOffeufd4seAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2WihJJ WZNGIpIdjygmeMiawEGwTiwZCTzB2t6onvvteyYVj8IbGMfMCcgg5D6nBLTkmoc9YA+Q1vUIbF/grBcQGFIi0qvsNhUic1N+l7lmxapaE+B5Yhekggo0XPOr149oE rAQqCBKdW0rBiclEjgVLCv3EsViQkdkwLqahiRgykkn12T4SCt97EdSvxDwRP3dkZJAqXHg6cp8WTXr5eJ/XjcB/9xJeRgnwEI6/chPBIYI59HgPpeMghhrQqjkel dMh0QSCjrAsg7Bnj15nrROqrbm16eVmlXEUUL76AAdIxudoRq6RA3URBQ9omf0it6MJ+PFeDc+pqULRtGzh/7A+PwB+5OcFg==</latexit>
Case 2: Ouuij
<latexit sha1_base64="5a90mEqs0skdevCeccBAy7hojKA=">AAACDXicbVC 7SgNBFJ2NrxhfUUubwShYhd0gKFaBNHZGMA/IxjA7mU3GzD6YuSuGYX/Axl+xsVDE1t7Ov3E2SaGJBwYO59x7597jxYIrsO1vK7e0vLK6ll8vbGxube8Ud/eaKkok ZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mjWua37plUPApvYByzbkAGIfc5JWCkXvHIBfYAumZG4MoFTt2AwJASoa/SW50kaU/zu7RXLNllewK8SJwZKaEZ6r3il9uPa BKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXVk2tSfGyUPvYjaV4IeKL+7tAkUGoceKYyW1bNe5n4n9dJwD/vah7GCbCQTj/yE4Ehwlk0uM8loyDGhhAqud kV0yGRhIIJsGBCcOZPXiTNStkx/Pq0VLVnceTRATpEJ8hBZ6iKLlEdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sD5/ABj7nCk=</latexit><latexit sha1_base64="5a90mEqs0skdevCeccBAy7hojKA=">AAACDXicbVC 7SgNBFJ2NrxhfUUubwShYhd0gKFaBNHZGMA/IxjA7mU3GzD6YuSuGYX/Axl+xsVDE1t7Ov3E2SaGJBwYO59x7597jxYIrsO1vK7e0vLK6ll8vbGxube8Ud/eaKkok ZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mjWua37plUPApvYByzbkAGIfc5JWCkXvHIBfYAumZG4MoFTt2AwJASoa/SW50kaU/zu7RXLNllewK8SJwZKaEZ6r3il9uPa BKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXVk2tSfGyUPvYjaV4IeKL+7tAkUGoceKYyW1bNe5n4n9dJwD/vah7GCbCQTj/yE4Ehwlk0uM8loyDGhhAqud kV0yGRhIIJsGBCcOZPXiTNStkx/Pq0VLVnceTRATpEJ8hBZ6iKLlEdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sD5/ABj7nCk=</latexit><latexit sha1_base64="5a90mEqs0skdevCeccBAy7hojKA=">AAACDXicbVC 7SgNBFJ2NrxhfUUubwShYhd0gKFaBNHZGMA/IxjA7mU3GzD6YuSuGYX/Axl+xsVDE1t7Ov3E2SaGJBwYO59x7597jxYIrsO1vK7e0vLK6ll8vbGxube8Ud/eaKkok ZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mjWua37plUPApvYByzbkAGIfc5JWCkXvHIBfYAumZG4MoFTt2AwJASoa/SW50kaU/zu7RXLNllewK8SJwZKaEZ6r3il9uPa BKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXVk2tSfGyUPvYjaV4IeKL+7tAkUGoceKYyW1bNe5n4n9dJwD/vah7GCbCQTj/yE4Ehwlk0uM8loyDGhhAqud kV0yGRhIIJsGBCcOZPXiTNStkx/Pq0VLVnceTRATpEJ8hBZ6iKLlEdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sD5/ABj7nCk=</latexit><latexit sha1_base64="5a90mEqs0skdevCeccBAy7hojKA=">AAACDXicbVC 7SgNBFJ2NrxhfUUubwShYhd0gKFaBNHZGMA/IxjA7mU3GzD6YuSuGYX/Axl+xsVDE1t7Ov3E2SaGJBwYO59x7597jxYIrsO1vK7e0vLK6ll8vbGxube8Ud/eaKkok ZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3mjWua37plUPApvYByzbkAGIfc5JWCkXvHIBfYAumZG4MoFTt2AwJASoa/SW50kaU/zu7RXLNllewK8SJwZKaEZ6r3il9uPa BKwEKggSnUcO4auJhI4FSwtuIliMaEjMmAdQ0MSMNXVk2tSfGyUPvYjaV4IeKL+7tAkUGoceKYyW1bNe5n4n9dJwD/vah7GCbCQTj/yE4Ehwlk0uM8loyDGhhAqud kV0yGRhIIJsGBCcOZPXiTNStkx/Pq0VLVnceTRATpEJ8hBZ6iKLlEdNRBFj+gZvaI368l6sd6tj2lpzpr17KM/sD5/ABj7nCk=</latexit>A
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<latexit sha1_base64="SoARac0V6i E9Hg9Gfl1+IR8t2fU=">AAACAHicbVDLSsNAFL2prxpfURcu3ASL4Kok3ehGLL hxWcE+oAllMpm0QyeTMDMRSgiIv+LGhSKuBD/DnX/jpO1CWy8MczjnXu65J0gZl cpxvo3Kyura+kZ109za3tnds/YPOjLJBCZtnLBE9AIkCaOctBVVjPRSQVAcMNI Nxtel3r0nQtKE36lJSvwYDTmNKEZKUwPryAsSFspJrL/ci5EaBVHeK4qBVXPqz rTsZeDOQe3qw7x8AIDWwPrywgRnMeEKMyRl33VS5edIKIoZKUwvkyRFeIyGpK8h RzGRfj49oLBPNRPaUSL048qesr8nchTL0qPuLC3KRa0k/9P6mYou/JzyNFOE49 miKGO2SuwyDTukgmDFJhogLKj2auMREggrnZmpQ3AXT14GnUbdderurVtrNmBWV TiGEzgDF86hCTfQgjZgKOAJXuDVeDSejTfjfdZaMeYzh/CnjM8fOD6Y5A==</l atexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="hP+6LrUf2d 3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuH FZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9eb Wd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+ gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBU cUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN 7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HY SbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8z x84xIo4</latexit><latexit sha1_base64="lRci+iNpZs P/3wf1/7LPfTh7U9I=">AAAB9XicbVC9TsMwGPxS/kopEFgYWCwqJKYqYaEjEg tjkeiP1ESV4zitVceObAepirLwKiwMIMSrsPE2OG0HaDnJ8unOn3zfRRln2njet 1Pb2t7Z3avvNw6ah0fH7kmzr2WuCO0RyaUaRlhTzgTtGWY4HWaK4jTidBDN7ip /8ESVZlI8mnlGwxRPBEsYwcZKY/csiCSP9Ty1VxGk2EyjpBiW5dhteW1vAbRJ/ BVpwQrdsfsVxJLkKRWGcKz1yPcyExZYGUY4LRtBrmmGyQxP6MhSgVOqw2KxQIku rRKjRCp7hEEL9fdEgVNdZbQvq4h63avE/7xRbpJOWDCR5YYKsvwoyTkyElVtoJ gpSgyfW4KJYjYrIlOsMDG2s4YtwV9feZP0r9u+1/YfPKjDOVzAFfhwA7dwD13oA YESXuAN3p1n59X5WNZVc1a9ncIfOJ8/Y2eVzw==</latexit><latexit sha1_base64="lRci+iNpZs P/3wf1/7LPfTh7U9I=">AAAB9XicbVC9TsMwGPxS/kopEFgYWCwqJKYqYaEjEg tjkeiP1ESV4zitVceObAepirLwKiwMIMSrsPE2OG0HaDnJ8unOn3zfRRln2njet 1Pb2t7Z3avvNw6ah0fH7kmzr2WuCO0RyaUaRlhTzgTtGWY4HWaK4jTidBDN7ip /8ESVZlI8mnlGwxRPBEsYwcZKY/csiCSP9Ty1VxGk2EyjpBiW5dhteW1vAbRJ/ BVpwQrdsfsVxJLkKRWGcKz1yPcyExZYGUY4LRtBrmmGyQxP6MhSgVOqw2KxQIku rRKjRCp7hEEL9fdEgVNdZbQvq4h63avE/7xRbpJOWDCR5YYKsvwoyTkyElVtoJ gpSgyfW4KJYjYrIlOsMDG2s4YtwV9feZP0r9u+1/YfPKjDOVzAFfhwA7dwD13oA YESXuAN3p1n59X5WNZVc1a9ncIfOJ8/Y2eVzw==</latexit><latexit sha1_base64="Pkw6L1kDTb 0beT1+7EilWQ2yMMY=">AAACAHicbVC7TsMwFL0pr1JeAQYGlogKialKusBYiY WxSPQhNVHlOE5r1bEj20Gqoiz8CgsDCLHyGWz8DU6bAVquZPnonHt1zz1hyqjSr vtt1TY2t7Z36ruNvf2DwyP7+KSvRCYx6WHBhByGSBFGOelpqhkZppKgJGRkEM5 uS33wSKSigj/oeUqCBE04jSlG2lBj+8wPBYvUPDFf7idIT8M4HxbF2G66LXdRz jrwKtCEqrpj+8uPBM4SwjVmSKmR56Y6yJHUFDNSNPxMkRThGZqQkYEcJUQF+eKA wrk0TOTEQprHtbNgf0/kKFGlR9NZWlSrWkn+p40yHd8EOeVppgnHy0VxxhwtnD INJ6KSYM3mBiAsqfHq4CmSCGuTWcOE4K2evA767Zbntrx7t9lpV3HU4Rwu4Ao8u IYO3EEXeoChgGd4hTfryXqx3q2PZWvNqmZO4U9Znz/eV5cm</latexit><latexit sha1_base64="kbMAX+6aZi 3Bd9WCW0Bbz+ee5z0=">AAACAHicbVC7TsMwFL0pr1JeAQYGlogKialKusBYiY WxSPQhNVHlOE5r1bEj20Gqoiz8CgsDCLHyGWz8DU6bAVquZPnonHt1zz1hyqjSr vtt1TY2t7Z36ruNvf2DwyP7+KSvRCYx6WHBhByGSBFGOelpqhkZppKgJGRkEM5 uS33wSKSigj/oeUqCBE04jSlG2lBj+8wPBYvUPDFf7idIT8M4HxbF2G66LXdRz jrwKtCEqrpj+8uPBM4SwjVmSKmR56Y6yJHUFDNSNPxMkRThGZqQkYEcJUQF+eKA wrk0TOTEQprHtbNgf0/kKFGlR9NZWlSrWkn+p40yHd8EOeVppgnHy0VxxhwtnD INJ6KSYM3mBiAsqfHq4CmSCGuTWcOE4K2evA767Zbntrx7r9lpV3HU4Rwu4Ao8u IYO3EEXeoChgGd4hTfryXqx3q2PZWvNqmZO4U9Znz/ep5cn</latexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="qWgaT67PqA km5tgqQrDwmK4kzz4=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJWkG92IBT cuK9gHNKFMJpN26GQmzEyEErLxV7pxoYgrwc9wI/6Nk7YLbb0wzOGce7nnnjBlV GnX/bZWVtfWNzYrW/b2zu7evnNw2FYik5i0sGBCdkOkCKOctDTVjHRTSVASMtI JRzel3nkgUlHB7/U4JUGCBpzGFCNtqL5z7IeCRWqcmC/3E6SHYZx3i6LvVN2aO y24DLw5qF6/21fp5Mtu9p1PPxI4SwjXmCGlep6b6iBHUlPMSGH7mSIpwiM0ID0D OUqICvLpAQU8M0wEYyHN4xpO2d8TOUpU6dF0lhbVolaS/2m9TMeXQU55mmnC8W xRnDGoBSzTgBGVBGs2NgBhSY1XiIdIIqxNZrYJwVs8eRm06zXPrXl3XrVRB7Oqg BNwCs6BBy5AA9yCJmgBDAowAc/gxXq0nqxX623WumLNZ47An7I+fgApzZpY</l atexit><latexit sha1_base64="kbMAX+6aZi 3Bd9WCW0Bbz+ee5z0=">AAACAHicbVC7TsMwFL0pr1JeAQYGlogKialKusBYiY WxSPQhNVHlOE5r1bEj20Gqoiz8CgsDCLHyGWz8DU6bAVquZPnonHt1zz1hyqjSr vtt1TY2t7Z36ruNvf2DwyP7+KSvRCYx6WHBhByGSBFGOelpqhkZppKgJGRkEM5 uS33wSKSigj/oeUqCBE04jSlG2lBj+8wPBYvUPDFf7idIT8M4HxbF2G66LXdRz jrwKtCEqrpj+8uPBM4SwjVmSKmR56Y6yJHUFDNSNPxMkRThGZqQkYEcJUQF+eKA wrk0TOTEQprHtbNgf0/kKFGlR9NZWlSrWkn+p40yHd8EOeVppgnHy0VxxhwtnD INJ6KSYM3mBiAsqfHq4CmSCGuTWcOE4K2evA767Zbntrx7r9lpV3HU4Rwu4Ao8u IYO3EEXeoChgGd4hTfryXqx3q2PZWvNqmZO4U9Znz/ep5cn</latexit>
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<latexit sha1_base64="+J7hiFHYQ3 XQ8xR2Ln0wCE+JCVI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgi4Lbl xWsA9pYplMJu3QyUyYmQglBDf+ihsXirj1K9z5N07aLLT1wjCHc+7lnnuChFGlH efbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkCKMctLRVDPSTyRBccBIL5h cFXrvgUhFBb/V04T4MRpxGlGMtKGG9pEXCBaqaWy+zIuRHgdRdpfn92xo152GM yu4DNwS1EFZ7aH95YUCpzHhGjOk1MB1Eu1nSGqKGclrXqpIgvAEjcjAQI5iovxs dkIOTw0TwkhI87iGM/b3RIZiVbg0nYVJtagV5H/aINXRpZ9RnqSacDxfFKUMag GLPGBIJcGaTQ1AWFLjFeIxkghrk1rNhOAunrwMus2Ga/DNeb3VLOOogmNwAs6AC y5AC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP2V9/gBxd5gJ</latexit><latexit sha1_base64="+J7hiFHYQ3 XQ8xR2Ln0wCE+JCVI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgi4Lbl xWsA9pYplMJu3QyUyYmQglBDf+ihsXirj1K9z5N07aLLT1wjCHc+7lnnuChFGlH efbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkCKMctLRVDPSTyRBccBIL5h cFXrvgUhFBb/V04T4MRpxGlGMtKGG9pEXCBaqaWy+zIuRHgdRdpfn92xo152GM yu4DNwS1EFZ7aH95YUCpzHhGjOk1MB1Eu1nSGqKGclrXqpIgvAEjcjAQI5iovxs dkIOTw0TwkhI87iGM/b3RIZiVbg0nYVJtagV5H/aINXRpZ9RnqSacDxfFKUMag GLPGBIJcGaTQ1AWFLjFeIxkghrk1rNhOAunrwMus2Ga/DNeb3VLOOogmNwAs6AC y5AC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP2V9/gBxd5gJ</latexit><latexit sha1_base64="+J7hiFHYQ3 XQ8xR2Ln0wCE+JCVI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgi4Lbl xWsA9pYplMJu3QyUyYmQglBDf+ihsXirj1K9z5N07aLLT1wjCHc+7lnnuChFGlH efbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkCKMctLRVDPSTyRBccBIL5h cFXrvgUhFBb/V04T4MRpxGlGMtKGG9pEXCBaqaWy+zIuRHgdRdpfn92xo152GM yu4DNwS1EFZ7aH95YUCpzHhGjOk1MB1Eu1nSGqKGclrXqpIgvAEjcjAQI5iovxs dkIOTw0TwkhI87iGM/b3RIZiVbg0nYVJtagV5H/aINXRpZ9RnqSacDxfFKUMag GLPGBIJcGaTQ1AWFLjFeIxkghrk1rNhOAunrwMus2Ga/DNeb3VLOOogmNwAs6AC y5AC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP2V9/gBxd5gJ</latexit><latexit sha1_base64="+J7hiFHYQ3 XQ8xR2Ln0wCE+JCVI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgi4Lbl xWsA9pYplMJu3QyUyYmQglBDf+ihsXirj1K9z5N07aLLT1wjCHc+7lnnuChFGlH efbqqysrq1vVDdrW9s7u3v2/kFXiVRi0sGCCdkPkCKMctLRVDPSTyRBccBIL5h cFXrvgUhFBb/V04T4MRpxGlGMtKGG9pEXCBaqaWy+zIuRHgdRdpfn92xo152GM yu4DNwS1EFZ7aH95YUCpzHhGjOk1MB1Eu1nSGqKGclrXqpIgvAEjcjAQI5iovxs dkIOTw0TwkhI87iGM/b3RIZiVbg0nYVJtagV5H/aINXRpZ9RnqSacDxfFKUMag GLPGBIJcGaTQ1AWFLjFeIxkghrk1rNhOAunrwMus2Ga/DNeb3VLOOogmNwAs6AC y5AC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP2V9/gBxd5gJ</latexit>
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<latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZD NSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl 5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzz i6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdK ALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="7Ez32J/T/uLhSFZ2TkT/5ShK/zQ=">AAACJ3icbVD LSgMxFL3j2/qqbt0Ei+BCZMaN4kpwoxtRsFpta8mkdzSayQzJHbEM801u/BLBhS4U8UdMH0h9HAicR0LuPWGqpCXff/FGRsfGJyanpkszs3PzC+XF2VObZEZgVSQq MbWQW1RSY5UkKaylBnkcKjwLb/e6+dkdGisTfUKdFJsxv9IykoKTs1rlgwbhPeWHSRt3WMEaMafrMMovikvdkus/5M23PC8u1VDakzetcsXf8Htgf0kwIBUY4KhVf mq0E5HFqEkobm098FNq5tyQFAqLUiOzmHJxy6+w7qjmMdpm3lu5YKvOabMoMe5oYj13+EXOY2s7cehudqe0v7Ou+V9WzyjabuZSpxmhFv2PokwxSli3P9aWBgWpji NcGOlmZeKaGy7ItVxyJQS/V/5LTjc3AsePfZiCZViBNQhgC3ZhH46gCgIe4Bne4N179F69j35dI96gtyX4Ae/zC88eqlE=</latexit><latexit sha1_base64="7Ez32J/T/uLhSFZ2TkT/5ShK/zQ=">AAACJ3icbVD LSgMxFL3j2/qqbt0Ei+BCZMaN4kpwoxtRsFpta8mkdzSayQzJHbEM801u/BLBhS4U8UdMH0h9HAicR0LuPWGqpCXff/FGRsfGJyanpkszs3PzC+XF2VObZEZgVSQq MbWQW1RSY5UkKaylBnkcKjwLb/e6+dkdGisTfUKdFJsxv9IykoKTs1rlgwbhPeWHSRt3WMEaMafrMMovikvdkus/5M23PC8u1VDakzetcsXf8Htgf0kwIBUY4KhVf mq0E5HFqEkobm098FNq5tyQFAqLUiOzmHJxy6+w7qjmMdpm3lu5YKvOabMoMe5oYj13+EXOY2s7cehudqe0v7Ou+V9WzyjabuZSpxmhFv2PokwxSli3P9aWBgWpji NcGOlmZeKaGy7ItVxyJQS/V/5LTjc3AsePfZiCZViBNQhgC3ZhH46gCgIe4Bne4N179F69j35dI96gtyX4Ae/zC88eqlE=</latexit><latexit sha1_base64="75o1PpybTvZCD3vWXMH+MDxc8iM=">AAACMnicbVB NSwMxEM36WetX1aOXYBE8iOx6UTwVvOhFKtj60daSTWdt2mx2SWbFsuxv8uIvETzoQRGv/gjTWsRWHwTevDdDZp4fS2HQdZ+dicmp6ZnZ3Fx+fmFxabmwslo1UaI5 VHgkI33hMwNSKKigQAkXsQYW+hLO/e5h3z+/BW1EpM6wF0MjZDdKBIIztFKzcFxHuMP0JGrBAc1oPWTY9oP0KrtWTbE9UnZ+ysvsWv5yB2WnWSi6O+4A9C/xhqRIh ig3C4/1VsSTEBRyyYypeW6MjZRpFFxClq8nBmLGu+wGapYqFoJppIOTM7pplRYNIm2fQjpQf0+kLDSmF/q2s7+lGff64n9eLcFgv5EKFScIin9/FCSSYkT7+dGW0M BR9ixhXAu7K+VtphlHm3LehuCNn/yXVHd3PMtP3WLJHcaRI+tkg2wRj+yREjkiZVIhnNyTJ/JK3pwH58V5dz6+Wyec4cwaGYHz+QUkUqvY</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit><latexit sha1_base64="Ulv01tgv/a2kVKrJ98OAxs9D6tc=">AAACMnicbVB NSwMxEM3Wr1q/qh69BIvgQWRXBMVTwYtepIKtH20t2XTWRrPZJZkVy7K/yYu/RPCgB0W8+iNMaxFrfRB4894MmXl+LIVB1312cmPjE5NT+enCzOzc/EJxcalmokRz qPJIRvrMZwakUFBFgRLOYg0s9CWc+jf7Pf/0FrQRkTrBbgzNkF0pEQjO0Eqt4mED4Q7To6gNezSjjZBhxw/Si+xStcTGUHn9U55nl/KX2y+vW8WSu+n2QUeJNyAlM kClVXxstCOehKCQS2ZM3XNjbKZMo+ASskIjMRAzfsOuoG6pYiGYZto/OaNrVmnTINL2KaR99fdEykJjuqFvO3tbmr9eT/zPqycY7DZToeIEQfHvj4JEUoxoLz/aFh o4yq4ljGthd6W8wzTjaFMu2BC8vyePktrWpmf58Xap7A7iyJMVskrWiUd2SJkckAqpEk7uyRN5JW/Og/PivDsf3605ZzCzTIbgfH4BJZKr3A==</latexit>
Infered Label: Yui
<latexit sha1_base64="KiJQrLC+ohFNno09J0q1FOI2q4Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3w7ukLdq5vFt0x6Lz4E0hT6Yqt3NfzU7Ek xAUcsmMaXhujK2UaRRcwjDbTAzEjPdZFxoWFQvBtNLxOUNasE6HBpG2TyEdu78nUhYaMwh92xky7JnZ2sj8r9ZIMDhtpULFCYLik0VBIilGdJQN7QgNHOXAAuNa2L 9S3mOacbQJZm0I3uzJ81A9KnqWr4/zJXcaR4bskwNySDxyQkrkgpRJhXDySJ7JK3lznpwX5935mLQuONOZPfJHzucPScucMA==</latexit><latexit sha1_base64="KiJQrLC+ohFNno09J0q1FOI2q4Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3w7ukLdq5vFt0x6Lz4E0hT6Yqt3NfzU7Ek xAUcsmMaXhujK2UaRRcwjDbTAzEjPdZFxoWFQvBtNLxOUNasE6HBpG2TyEdu78nUhYaMwh92xky7JnZ2sj8r9ZIMDhtpULFCYLik0VBIilGdJQN7QgNHOXAAuNa2L 9S3mOacbQJZm0I3uzJ81A9KnqWr4/zJXcaR4bskwNySDxyQkrkgpRJhXDySJ7JK3lznpwX5935mLQuONOZPfJHzucPScucMA==</latexit><latexit sha1_base64="KiJQrLC+ohFNno09J0q1FOI2q4Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3w7ukLdq5vFt0x6Lz4E0hT6Yqt3NfzU7Ek xAUcsmMaXhujK2UaRRcwjDbTAzEjPdZFxoWFQvBtNLxOUNasE6HBpG2TyEdu78nUhYaMwh92xky7JnZ2sj8r9ZIMDhtpULFCYLik0VBIilGdJQN7QgNHOXAAuNa2L 9S3mOacbQJZm0I3uzJ81A9KnqWr4/zJXcaR4bskwNySDxyQkrkgpRJhXDySJ7JK3lznpwX5935mLQuONOZPfJHzucPScucMA==</latexit><latexit sha1_base64="KiJQrLC+ohFNno09J0q1FOI2q4Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3w7ukLdq5vFt0x6Lz4E0hT6Yqt3NfzU7Ek xAUcsmMaXhujK2UaRRcwjDbTAzEjPdZFxoWFQvBtNLxOUNasE6HBpG2TyEdu78nUhYaMwh92xky7JnZ2sj8r9ZIMDhtpULFCYLik0VBIilGdJQN7QgNHOXAAuNa2L 9S3mOacbQJZm0I3uzJ81A9KnqWr4/zJXcaR4bskwNySDxyQkrkgpRJhXDySJ7JK3lznpwX5935mLQuONOZPfJHzucPScucMA==</latexit>
Attribute: Zaa
<latexit sha1_base64="1NZvAkbgRt1ATyLYQduqAaD+xiY=">AAACCnicbVD LSsNAFJ3UV62vqEs3o0VwVRIRFFcVNy4r2Ae2MUymk3bo5MHMjVhC1m78FTcuFHHrF7jzb5ymWWjrgYHDOfdy5xwvFlyBZX0bpYXFpeWV8mplbX1jc8vc3mmpKJGU NWkkItnxiGKCh6wJHATrxJKRwBOs7Y0uJ377nknFo/AGxjFzAjIIuc8pAS255n4P2AOkFwCSewmwc5zhXPL89Da7Iy5xzapVs3LgeWIXpIoKNFzzq9ePaBKwEKggS nVtKwYnJRI4FSyr9BLFYkJHZMC6moYkYMpJ8ygZPtRKH/uR1C8EnKu/N1ISKDUOPD0ZEBiqWW8i/ud1E/DPnJSHsQ4Z0ukhPxEYIjzpBfe5ZBTEWBNCJdd/xXRIJK Gg26voEuzZyPOkdVyzNb8+qdatoo4y2kMH6AjZ6BTV0RVqoCai6BE9o1f0ZjwZL8a78TEdLRnFzi76A+PzB86ZmuQ=</latexit><latexit sha1_base64="1NZvAkbgRt1ATyLYQduqAaD+xiY=">AAACCnicbVD LSsNAFJ3UV62vqEs3o0VwVRIRFFcVNy4r2Ae2MUymk3bo5MHMjVhC1m78FTcuFHHrF7jzb5ymWWjrgYHDOfdy5xwvFlyBZX0bpYXFpeWV8mplbX1jc8vc3mmpKJGU NWkkItnxiGKCh6wJHATrxJKRwBOs7Y0uJ377nknFo/AGxjFzAjIIuc8pAS255n4P2AOkFwCSewmwc5zhXPL89Da7Iy5xzapVs3LgeWIXpIoKNFzzq9ePaBKwEKggS nVtKwYnJRI4FSyr9BLFYkJHZMC6moYkYMpJ8ygZPtRKH/uR1C8EnKu/N1ISKDUOPD0ZEBiqWW8i/ud1E/DPnJSHsQ4Z0ukhPxEYIjzpBfe5ZBTEWBNCJdd/xXRIJK Gg26voEuzZyPOkdVyzNb8+qdatoo4y2kMH6AjZ6BTV0RVqoCai6BE9o1f0ZjwZL8a78TEdLRnFzi76A+PzB86ZmuQ=</latexit><latexit sha1_base64="1NZvAkbgRt1ATyLYQduqAaD+xiY=">AAACCnicbVD LSsNAFJ3UV62vqEs3o0VwVRIRFFcVNy4r2Ae2MUymk3bo5MHMjVhC1m78FTcuFHHrF7jzb5ymWWjrgYHDOfdy5xwvFlyBZX0bpYXFpeWV8mplbX1jc8vc3mmpKJGU NWkkItnxiGKCh6wJHATrxJKRwBOs7Y0uJ377nknFo/AGxjFzAjIIuc8pAS255n4P2AOkFwCSewmwc5zhXPL89Da7Iy5xzapVs3LgeWIXpIoKNFzzq9ePaBKwEKggS nVtKwYnJRI4FSyr9BLFYkJHZMC6moYkYMpJ8ygZPtRKH/uR1C8EnKu/N1ISKDUOPD0ZEBiqWW8i/ud1E/DPnJSHsQ4Z0ukhPxEYIjzpBfe5ZBTEWBNCJdd/xXRIJK Gg26voEuzZyPOkdVyzNb8+qdatoo4y2kMH6AjZ6BTV0RVqoCai6BE9o1f0ZjwZL8a78TEdLRnFzi76A+PzB86ZmuQ=</latexit><latexit sha1_base64="1NZvAkbgRt1ATyLYQduqAaD+xiY=">AAACCnicbVD LSsNAFJ3UV62vqEs3o0VwVRIRFFcVNy4r2Ae2MUymk3bo5MHMjVhC1m78FTcuFHHrF7jzb5ymWWjrgYHDOfdy5xwvFlyBZX0bpYXFpeWV8mplbX1jc8vc3mmpKJGU NWkkItnxiGKCh6wJHATrxJKRwBOs7Y0uJ377nknFo/AGxjFzAjIIuc8pAS255n4P2AOkFwCSewmwc5zhXPL89Da7Iy5xzapVs3LgeWIXpIoKNFzzq9ePaBKwEKggS nVtKwYnJRI4FSyr9BLFYkJHZMC6moYkYMpJ8ygZPtRKH/uR1C8EnKu/N1ISKDUOPD0ZEBiqWW8i/ud1E/DPnJSHsQ4Z0ukhPxEYIjzpBfe5ZBTEWBNCJdd/xXRIJK Gg26voEuzZyPOkdVyzNb8+qdatoo4y2kMH6AjZ6BTV0RVqoCai6BE9o1f0ZjwZL8a78TEdLRnFzi76A+PzB86ZmuQ=</latexit>
Infered Label: Yli
<latexit sha1_base64="3vfTKEmYgO/UhGYJ6HhcOChx95Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3wzvZFu1c3i26Y9F58KaQJ1OV27mvZifiS QgKuWTGNDw3xlbKNAouYZhtJgZixvusCw2LioVgWun4nCEtWKdDg0jbp5CO3d8TKQuNGYS+7QwZ9sxsbWT+V2skGJy2UqHiBEHxyaIgkRQjOsqGdoQGjnJggXEt7F 8p7zHNONoEszYEb/bkeageFT3L18f5kjuNI0P2yQE5JB45ISVyQcqkQjh5JM/klbw5T86L8+58TFoXnOnMHvkj5/MHPBWcJw==</latexit><latexit sha1_base64="3vfTKEmYgO/UhGYJ6HhcOChx95Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3wzvZFu1c3i26Y9F58KaQJ1OV27mvZifiS QgKuWTGNDw3xlbKNAouYZhtJgZixvusCw2LioVgWun4nCEtWKdDg0jbp5CO3d8TKQuNGYS+7QwZ9sxsbWT+V2skGJy2UqHiBEHxyaIgkRQjOsqGdoQGjnJggXEt7F 8p7zHNONoEszYEb/bkeageFT3L18f5kjuNI0P2yQE5JB45ISVyQcqkQjh5JM/klbw5T86L8+58TFoXnOnMHvkj5/MHPBWcJw==</latexit><latexit sha1_base64="3vfTKEmYgO/UhGYJ6HhcOChx95Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3wzvZFu1c3i26Y9F58KaQJ1OV27mvZifiS QgKuWTGNDw3xlbKNAouYZhtJgZixvusCw2LioVgWun4nCEtWKdDg0jbp5CO3d8TKQuNGYS+7QwZ9sxsbWT+V2skGJy2UqHiBEHxyaIgkRQjOsqGdoQGjnJggXEt7F 8p7zHNONoEszYEb/bkeageFT3L18f5kjuNI0P2yQE5JB45ISVyQcqkQjh5JM/klbw5T86L8+58TFoXnOnMHvkj5/MHPBWcJw==</latexit><latexit sha1_base64="3vfTKEmYgO/UhGYJ6HhcOChx95Q=">AAACDnicbZC 7SgNBFIZnvcZ4i1raDIaAVdgVQbEK2ChYRDAXSWKYnZxNhszOLjNnxbDkCWx8FRsLRWyt7XwbJ5dCE38Y+PjPOZw5vx9LYdB1v52FxaXlldXMWnZ9Y3NrO7ezWzVR ojlUeCQjXfeZASkUVFCghHqsgYW+hJrfPx/Va/egjYjUDQ5iaIWsq0QgOENrtXOFJsIDppcqAA0desV8kGd0SMe2H6S3wzvZFu1c3i26Y9F58KaQJ1OV27mvZifiS QgKuWTGNDw3xlbKNAouYZhtJgZixvusCw2LioVgWun4nCEtWKdDg0jbp5CO3d8TKQuNGYS+7QwZ9sxsbWT+V2skGJy2UqHiBEHxyaIgkRQjOsqGdoQGjnJggXEt7F 8p7zHNONoEszYEb/bkeageFT3L18f5kjuNI0P2yQE5JB45ISVyQcqkQjh5JM/klbw5T86L8+58TFoXnOnMHvkj5/MHPBWcJw==</latexit>
Attribute Feature: Faa
<latexit sha1_base64="OcPrKryHH5 bojBEAbB6/W4CQ5fE=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0IrsiKJ4ign hUMFFI1tA76TVDZh/M9Iph2W/w4q948aCIV0/e/Bsnj4OvgoGiqpueqiBV0pDrf joTk1PTM7OlufL8wuLScmVltWGSTAusi0Ql+ioAg0rGWCdJCq9SjRAFCi+D3vH Av7xFbWQSX1A/RT+Cm1iGUgBZqV3ZbhHeUX5EpGWQEfITBMo0HvKCD60gzE+Ka 2hDu1J1d9wh+F/ijUmVjXHWrny0OonIIoxJKDCm6bkp+TlokkJhUW5lBlMQPbjB pqUxRGj8fBip4JtW6fAw0fbFxIfq940cImP6UWAnI6Cu+e0NxP+8ZkbhgZ/LOL VhYzE6FGaKU8IH/fCO1ChI9S0BoaX9Kxdd0CDItli2JXi/I/8ljd0dz/LzvWrNH ddRYutsg20xj+2zGjtlZ6zOBLtnj+yZvTgPzpPz6ryNRiec8c4a+wHn/Qu4EJ4 M</latexit><latexit sha1_base64="OcPrKryHH5 bojBEAbB6/W4CQ5fE=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0IrsiKJ4ign hUMFFI1tA76TVDZh/M9Iph2W/w4q948aCIV0/e/Bsnj4OvgoGiqpueqiBV0pDrf joTk1PTM7OlufL8wuLScmVltWGSTAusi0Ql+ioAg0rGWCdJCq9SjRAFCi+D3vH Av7xFbWQSX1A/RT+Cm1iGUgBZqV3ZbhHeUX5EpGWQEfITBMo0HvKCD60gzE+Ka 2hDu1J1d9wh+F/ijUmVjXHWrny0OonIIoxJKDCm6bkp+TlokkJhUW5lBlMQPbjB pqUxRGj8fBip4JtW6fAw0fbFxIfq940cImP6UWAnI6Cu+e0NxP+8ZkbhgZ/LOL VhYzE6FGaKU8IH/fCO1ChI9S0BoaX9Kxdd0CDItli2JXi/I/8ljd0dz/LzvWrNH ddRYutsg20xj+2zGjtlZ6zOBLtnj+yZvTgPzpPz6ryNRiec8c4a+wHn/Qu4EJ4 M</latexit><latexit sha1_base64="OcPrKryHH5 bojBEAbB6/W4CQ5fE=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0IrsiKJ4ign hUMFFI1tA76TVDZh/M9Iph2W/w4q948aCIV0/e/Bsnj4OvgoGiqpueqiBV0pDrf joTk1PTM7OlufL8wuLScmVltWGSTAusi0Ql+ioAg0rGWCdJCq9SjRAFCi+D3vH Av7xFbWQSX1A/RT+Cm1iGUgBZqV3ZbhHeUX5EpGWQEfITBMo0HvKCD60gzE+Ka 2hDu1J1d9wh+F/ijUmVjXHWrny0OonIIoxJKDCm6bkp+TlokkJhUW5lBlMQPbjB pqUxRGj8fBip4JtW6fAw0fbFxIfq940cImP6UWAnI6Cu+e0NxP+8ZkbhgZ/LOL VhYzE6FGaKU8IH/fCO1ChI9S0BoaX9Kxdd0CDItli2JXi/I/8ljd0dz/LzvWrNH ddRYutsg20xj+2zGjtlZ6zOBLtnj+yZvTgPzpPz6ryNRiec8c4a+wHn/Qu4EJ4 M</latexit><latexit sha1_base64="OcPrKryHH5 bojBEAbB6/W4CQ5fE=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0IrsiKJ4ign hUMFFI1tA76TVDZh/M9Iph2W/w4q948aCIV0/e/Bsnj4OvgoGiqpueqiBV0pDrf joTk1PTM7OlufL8wuLScmVltWGSTAusi0Ql+ioAg0rGWCdJCq9SjRAFCi+D3vH Av7xFbWQSX1A/RT+Cm1iGUgBZqV3ZbhHeUX5EpGWQEfITBMo0HvKCD60gzE+Ka 2hDu1J1d9wh+F/ijUmVjXHWrny0OonIIoxJKDCm6bkp+TlokkJhUW5lBlMQPbjB pqUxRGj8fBip4JtW6fAw0fbFxIfq940cImP6UWAnI6Cu+e0NxP+8ZkbhgZ/LOL VhYzE6FGaKU8IH/fCO1ChI9S0BoaX9Kxdd0CDItli2JXi/I/8ljd0dz/LzvWrNH ddRYutsg20xj+2zGjtlZ6zOBLtnj+yZvTgPzpPz6ryNRiec8c4a+wHn/Qu4EJ4 M</latexit>
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Figure 1: Our model takes the adjacency matrix (A), the attribute matrix (X) and the partial node
labels (Yl) as input, and outputs Gaussian distributions as latent embeddings for all nodes and
attributes (Zn and Za), as well as the latent labels of the unlabelled nodes (Yu). The two neural
network models, i.e. the inference network and the generative network, are trained by optimizing the
ELBO on the log marginal likelihood of the five cases of observations.
The partially labelled attributed networks are obviously heterogeneous data, as the nodes and at-
tributes can be considered as two types of heterogeneous entities, and the adjacency matrix and
the attribute matrix can be regarded as the relationships between these two entities. To address the
problem, we propose the SCAN, a Semi-supervised Co-embedding model for Attributed Network
that semi-supervisedly co-embeds both attributes and nodes in the same semantic space, i.e., learns
latent variables/embeddings for both nodes and attributes, allowing for effective generalization of
classification from a small number of labelled data sets to a large number of unlabelled ones. In what
follows, we first follow the principle of modelling semi-supervised learning for heterogeneous data
(Subsection 3.2) to derive an overall lower bound for this problem by splitting the given attributed
network observations into five types of atomic data points, then provide a solution for addressing the
bottleneck of the marginalization over all K classes. Fig. 1 provides an overview of the framework
of our SCAN, and Fig. 2 provides probabilistic graphical perspective of our model.
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Yl
<latexit sha1_base64="Ptxp4OQFeIuN A02Y3/XFVZc66E4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZ TKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop 7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZ DJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTD Jp2U/MzylbEyHvGepojE3QT7PPCXnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zeh lG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l 9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw== </latexit><latexit sha1_base64="Ptxp4OQFeIuN A02Y3/XFVZc66E4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZ TKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop 7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZ DJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTD Jp2U/MzylbEyHvGepojE3QT7PPCXnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zeh lG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l 9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw== </latexit><latexit sha1_base64="Ptxp4OQFeIuN A02Y3/XFVZc66E4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZ TKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop 7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZ DJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTD Jp2U/MzylbEyHvGepojE3QT7PPCXnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zeh lG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l 9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw== </latexit><latexit sha1_base64="Ptxp4OQFeIuN A02Y3/XFVZc66E4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZ TKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop 7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZ DJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTD Jp2U/MzylbEyHvGepojE3QT7PPCXnVhmQKNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zeh lG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l 9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw== </latexit>
Yu
<latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit>
Yl
<latexit sha1_base64="Ptxp4OQFeIuNA02Y3/XFVZc66E4=">AAAB83icbVDLSsNA FL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UK Dk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT7PPCXnVhmQ KNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7 w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw==</latexit><latexit sha1_base64="Ptxp4OQFeIuNA02Y3/XFVZc66E4=">AAAB83icbVDLSsNA FL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UK Dk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT7PPCXnVhmQ KNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7 w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw==</latexit><latexit sha1_base64="Ptxp4OQFeIuNA02Y3/XFVZc66E4=">AAAB83icbVDLSsNA FL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UK Dk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT7PPCXnVhmQ KNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7 w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw==</latexit><latexit sha1_base64="Ptxp4OQFeIuNA02Y3/XFVZc66E4=">AAAB83icbVDLSsNA FL3xWeur6tLNYBFclaQIuiy4cVnBPqSJZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMv98wJUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UK Dk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ92OKozDKH6aPsl+pujV3DrJKvIJUoUCzX/nyBwnLYq6QSWpMz3NTDHKqUTDJp2U/MzylbEyHvGepojE3QT7PPCXnVhmQ KNH2KSRz9fdGTmNjJnFoJ2cZzbI3E//zehlG10EuVJohV2xxKMokwYTMCiADoTlDObGEMi1sVsJGVFOGtqayLcFb/vIqaddrnuV3l9VGvaijBKdwBhfgwRU04Baa0AIGKTzDK7 w5mfPivDsfi9E1p9g5gT9wPn8ATiCRyw==</latexit>
Yu
<latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit><latexit sha1_base64="iGOLhnVCsmp1 hLt6M2kxNeozj1U=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRFqMuCG5cV7EOaW CbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W 9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sLpTe73nqhULBH3epbSIMZ jwSJGsLaS78dYT8Ioe5g/mmG15tbdBdA68QpSgwLtYfXLHyXExFRowrFSA89NdZBhqRn hdF7xjaIpJlM8pgNLBY6pCrJF5jm6sMoIRYm0T2i0UH9vZDhWahaHdjLPqFa9XPzPGx gdXQcZE6nRVJDlochwpBOUF4BGTFKi+cwSTCSzWRGZYImJtjVVbAne6pfXSbdR9yy/u 6q1GkUdZTiDc7gED5rQgltoQwcIpPAMr/DmGOfFeXc+lqMlp9g5hT9wPn8AW8SR1A== </latexit>
Yj
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Figure 2: Probabilistic graphical
model of our SCAN. Generative
model dependencies are shown
in solid arrows, while inference
model dependencies are shown
in dashed arrows.
The Variational Evidence Lower Bound. As shown in Fig. 1, we have two relationship observa-
tions: the adjacency matrix A and the node attribute matrix X. The elements in both of matrices (i.e.
the edges between nodes and the attribute values of nodes) can be categorized into five cases: (case 1)
an edge connecting two labelled nodes; (case 2) an edge connecting two unlabelled nodes; (case 3) an
edge connecting a labelled node and an unlabelled node; (case 4) an attribute value associating with a
labelled node and an attribute; (case 5) an attribute value associating with an unlabelled node and
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an attribute. We can easily obtain the ELBOs for these five types of atomic observations according
to Eq. 5, namely, L(Ollij) for case 1, U(Ouuij ) for case 2,M(Oluij ) for case 3, B(Olaia) for case 4 and
C(Ouaia ) for case 5, respectively 1.
Once all the ELBOs for the above five cases are obtained, we can obtain the variational bound on the
marginal likelihood for the entire adjacency matrix and node attribute matrix as follows:
J (A,X,Yl) =
∑
i,j∈Vl
L(Ollij) +
∑
i∈Vu,j∈Vu
U(Ouuij ) +
∑
i∈Vl,j∈Vu
M(Oluij )
+
∑
i∈Vl,a∈A
B(Olaia) +
∑
i∈Vu,a∈A
C(Ouaia ). (8)
In the objective function of Eq. 8, the first three terms on right-hand side are the ELBOs on the
marginal likelihood of edges, while the other two terms are the bound loss for attributes. To make
our model more flexible to govern the loss between the edge data points and the attribute data points,
we introduce an adjustable hyper-parameter β that balances reconstruction accuracy between edges
and attributes. In addition, similar to [18], we wish the parameters of our predictive distribution, i.e.
qφc(Yv |φ(Fnv )), can also be trained within the labelled nodes based on their feature Fnv ; therefore,
we add a classification loss to Eq. 8 and introduce a hyper-parameter α to govern the relative weight
between generative and purely discriminative models, which results in the following loss:
J (A,X,Yl) = β · ( ∑
i,j∈Vl
L(Ollij) +
∑
i∈Vu,j∈Vu
U(Ouuij ) +
∑
i∈Vl,j∈Vu
M(Oluij )
)
+ (1− β) · ( ∑
i∈Vl,a∈A
B(Olaia) +
∑
i∈Vu,a∈A
C(Ouaia )
)
+ α · Ev∼Vl [− log qφc(Yv | φ(Fnv ))] . (9)
Optimization. The parameters, i.e. θ = (θe,θa) and φ = (φn,φa,φc) (Fig. 2), of the generative
and inference networks are jointly trained by optimizing Eq. 9 using gradient descent2.
We assume the priors and the variational posteriors of Zn and Za to be Gaussian distributions, then
the KL-divergence terms in Eq. 9 have analytical forms. However, analytical solutions of expectations
w.r.t. these two variational posteriors are still intractable in the general case. To address this problem,
we can reduce the problem of estimating the gradient w.r.t. parameters of the posterior distribution to
the simpler problem of estimating the gradient w.r.t. parameters of a deterministic function, which
is called the reparameterization trick [19; 17]. Specifically, we sample noise  ∼ N (0, ID) and
reparameterize Zni = µφn + σφn (or Z
a
i = µφa + σφa for attributes). By doing so, the value of
Zni (or Z
a
i ) is deterministic given both the parameters of variational posterior distributions, so that
the stochasticity in the sampling process is isolated and the gradient with respect to µφn and σφn (or
µφa and σφa ) can be back-propagated through the sampled Z
n
i (or Z
a
i ).
However, this trick is unavailable for optimizing the parameters of the latent label distribution
qφc(Y
u
i | Fni ), because the categorical distribution is not reparameterizable. Kingma et.al [18]
approach this by marginalizing out Yui over all classes, so that for unlabelled data, inference is still
on qφc(Yui | Fni ) for each Yui . As we have mentioned in subsection 3.1, this simple solution is
prohibitively expensive for a large number of classes, especially in our case where we have double
expectation over qφc(Yui | Fni ) and qφc(Yuj | Fnj ) (factorized from qφc(Yui ,Yuj | Fni ,Fnj ) of
U(Ouuij ), please refer to Eq. 18 in the supplementary material). In this paper, we alleviate this by
applying the Gumbel-Softmax trick.
The Gumbel-Softmax trick [16; 26] provides a continuous and differentiable approximation to draw
categorical samples Yui from a categorical distribution with class probabilities piφc :
Yuik =
exp(logpiφc,k + gk)/τ∑K
k=1 exp(logpiφc,k + gk)/τ
, (10)
where {gk}Kk=1 are i.i.d. samples drawn from the Gumbel(0, 1) distribution, and τ is the softmax
temperature which is set to be 0.2 in our experiments. Samples from the Gumbel-Softmax distribution
become one-hot when τ → 0 and smooth when τ > 0. With this trick, Gumbel-Softmax allows us to
backpropagate through Yui ∼ qφc(Yu | Fn) for single sample gradient estimation.
1The detail derivations of the five ELBOs can be found in the supplementary material.
2The implementation details of the inference and generative networks are given in our supplementary
material.
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5 Experiments
The research questions guiding the remainder of this paper are: (RQ1) How is performance of our
SCAN in semi-supervised node classification task? (RQ2) Can our SCAN perform better than other
models in the attribute inference task, where capturing the affinities between nodes and attributes is
crucial? (RQ3) Can our SCAN learn meaningful embeddings for the task of network visualizations?
5.1 Experimental Settings
To evaluate the performance of our SCAN model on semi-supervised node classification task,
four state-of-the-art semi-supervised network embedding methods are included for comparisons:
Planetoid-T [37], GCN [21], SEANO [23] and GraphSGAN [6]. We also evaluate the learned
embeddings of SCAN by the attribute inference task, comparing to four attribute inference baselines:
SAN [9], EdgeExp [3], BLA [35] and CAN [27]. All experiments of this paper are conducted base
on three real-world attributed networks, i.e. Pubmed [21], BlogCatalog [14] and Flickr [14].
For our SCAN model, the inferred embeddings of nodes can be directly used as the input features
of a classifier to predict the class labels. Here we apply Support Vector Machine (SVM) as our
classifier, which we refer to it as SCAN_SVM. In addition, the inference model of SCAN (i.e. the
discriminative network) also infers the latent labels for all the unlabelled nodes during the inference
process, which can be used as another classifier, namely the SCAN_DIS. 1
Table 1: Performance of semi-supervised node classification. The best and the second best perfor-
mance runs per metric per dataset are marked in boldface and underlined, respectively.
Method Pubmed Flickr BlogCatalog
Ma_F1 Mi_F1 ACC Ma_F1 Mi_F1 ACC Ma_F1 Mi_F1 ACC
SEANO .841 .845 .850 .738 .748 .741 .627 .635 .648
Planetoid-T .815 .825 .823 .721 .743 .733 .803 .811 .817
GCN .838 .847 .850 .286 .291 .309 .509 .527 .538
GraphSGAN .839 .842 .841 .697 .715 .702 .698 .703 .719
SCAN_SVM .847† .852† .851 .747† .750 .747† .820† .829† .835†
SCAN_DIS .850† .858† .862† .749† .753† .750† .829† .832† .839†
5.2 Results
Semi-supervised Node Classification. To answer (RQ1), we conduct semi-supervised node classi-
fication experiments in the three networks. Specifically, we randomly select 10% of nodes as the
labelled nodes, train our SCAN model to obtain the embeddings of nodes and predict the labels for
the unlabelled nodes by the discriminator, and then feed the obtained embeddings of nodes into an
SVM classifier to predict the labels. We repeatedly this process 10 times and report the average
performance. As for evaluation metrics, we employ macro F1 (Ma_F1), micro F1 (Mi_F1) and
accuracy (ACC) to measure the performance of semi-supervised node classification. Tab. 1 shows the
result of our SCAN methods and other four baseline methods on our datasets2. As shown in the table,
both our SCAN_DIS and SCAN_SVM can outperform the baseline models, and SCAN_DIS always
achieves the best performance in all the metrics with significant improvement. It is worth noting that
while some baselines like SEANO and GCN perform poorly on BlogCatalog dataset, our methods,
both SCAN_DIS and SCAN_SVM, can still achieve significantly better performance. This result
shows that our model is not only capable of accurately classifying the nodes by the discriminative
network, but also capable of learning effective representations of nodes for the attributed networks.
Attribute Inference. Subsequently, we answer RQ3 and aim at understanding the performance of
SCAN and the baselines over attribute inference task. Attribute inference aims at predicting the value
of attributes of the nodes. In this task, we take four state-of-the-art attribute inference algorithms,
1Other experimental setting details and parameter sensitivity analysis of our model can be found in supple-
mentary material, due to the space limitation.
2In each dataset, significant improvements over the comparative methods (other than ours) are marked with
† (paired t-test, p < .05)
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namely SAN [9], EdgeExp [3] BLA [35] and CAN [27], as our baselines for performance comparison.
We adopt the same experimental setting as in [20; 21], we randomly divide all edges into three
sets, i.e., the training (85%), validating (5%) and testing (10%) sets, and employ area under the
ROC curve (AUC) and average precision (AP) scores as evaluation metrics to measure the attribute
inference performance. Tab. 2 presents the attribute inference performance of our SCAN and the
baseline models in the three attributed networks. We can observe that our model outperforms all the
baseline models in all the datasets, and the improvement is significant in Pubmed and BlogCatalog
networks. This can be explained by the fact that our SCAN optimizes a loss function consisting of
the reconstruction error of all the attributes. This again shows that our co-embedding model can
learn effective representations for both nodes and attributes where the infinities between nodes and
attributes can be effectively captured and measured.
Method Pubmed Flickr BlogCatalog
AUC AP AUC AP AUC AP
EdgeExp .586 .576 .678 .685 .684 .744
SAN .579 .572 .653 .660 .694 .710
BLA .622 .602 .730 .769 .787 .792
CAN .670 .652 .867 .868 .867 .865
SCAN .713† .682† .874† .871 .893† .895†
Table 2: Attribute inference
performance. The best runs
per metric per dataset are
marked in boldface.
Network Visualization. Finally, to further evaluate the qualities of embeddings in our approach, we
make a comparison on the visualization of node representation in Fig. 3. Specifically, we obtain all
the 64-dimensional embeddings of nodes for each comparison methods, then use the t-SNE tool [25]
to transfer them into 2-D vectors and plot these vectors on 2-D planes. We can find that our approach
can achieve more compact and separated clusters compared with the baseline methods. This result
can also explain why our approach achieves better performance on node classification task. We
also visualize the variances of each node representation by ellipsoids, where the 2-D variances are
obtained by dividing all the dimension into two groups and then calculating average variances of
them. We see that some of these nodes have large variances as their features are relatively sparser,
resulting in more uncertainty of their representations.
6 Conclusion
We aim at solving the problem of embedding attributed networks in a semi-supervised way. We
showed how the SVAE can be generalized to the heterogeneous data, and proposed a semi-supervised
co-embedding model (called SCAN) to solve the problem. Our SCAN learns low-dimensional
Gaussian embeddings for both nodes and attributes in the same semantic space in a semi-supervised
way, such that the affinities between nodes and their attributes and the similarities among nodes can
be effectively measured with the uncertainty can be preserved. Meanwhile, it is also able to learn an
effective discriminative model to generalize from small labelled data to large unlabelled ones. Our
experiments showed that our SCAN model can yield excellent and better performance compared with
the state-of-the-art baselines in various applications, including semi-supervised node classification
and attribute inference, and leverage the expressive power to obtain high-quality representations of
both nodes and attributes. As to future work, we intend to extend our SCAN model to heterogeneous
networks, and embed nodes and attributes for dynamic attributed networks.
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A Appendix
A.1 Main Notations
The following Tab. 3 lists the notations used throughout this paper.
Table 3: Main notations used in the paper.
Symble Desription
G partially labelled attributed network
V set of nodes
V l set of labelled nodes
Vu set of unlabelled nodes
A set of attributes
N = |V| number of nodes
M = |A| number of attributes
K number of the class labels
D dimension of latent variables
A ∈ RN×N adjacency matrix
X ∈ RN×M node attribute matrix
Yl ∈ {0, 1}|Vl|×K label matrix of labelled nodes
Yu ∈ {0, 1}|Vu|×K label matrix of unlabelled nodes
Fn ∈ RN×(N+M) features of nodes
Fa ∈ RM×N features of attributes
Zn ∈ RN×D latent representation matrix for all nodes
Za ∈ RM×D latent representation matrix for all attributes
θe parameters of the generative network for edges
θn parameters of the generative network for attributes
φn parameters of the inference network for nodes
φa parameters of the inference network for attributes
φc parameters of the discriminative network for labels
A.2 Derivations of the ELBOs
Case 1: Edges connecting two labelled nodes
To simplify notations, we let Ollij = (Aij ,Yli,Ylj) be the observed variables of an edge connecting
two labelled nodes, where Aij ∈ A is the edge weight and Yli and Ylj are labels of the two
nodes, Z llij = (Zni ,Znj ) be the collection of latent variables of the two labelled nodes, and F llij =
(Fni ,F
n
j ,Y
l
i,Y
l
j) be the conditional variables of the variational posterior, where F
n
i = [Ai;Xi] and
Fnj = [Aj ;Xj ] are the input features of nodes i and j, respectively, and [·; ·] is the concatenation
operator. We introduce a variational distribution over latent variables Z llij conditioned on F llij , and
using the Jensen’s inequality, we can obtain the following inequality:
log p(Ollij) ≥Eqφ(Zllij |Fllij)[log pθ(O
ll
ij ,Z llij)− log qφ(Z llij | F llij)]. (11)
Here qφ(Z llij | F llij) is the variational posterior parameterized by φ of the inference network, and
pθ(Ollij ,Z llij) is the joint distribution of both the observed and latent variables, which can be written
as:
pθ(Ollij ,Z llij) =pθ(Aij ,Yli,Ylj ,Zni ,Znj )
=p(Zni )p(Z
n
j )p(Y
l
i)p(Y
l
j)pθe(Aij | Zni ,Znj ,Yli,Ylj), (12)
where θe is the parameter of the generative model for edges. Since the true posterior p(Z llij | Ollij)
is intractable, we introduce the variational posterior, i.e. qφ(Z llij | F llij), to approximate the true
12
posterior, and it can be factorized as the following:
qφ(Z llij | F llij) = qφ(Zni ,Znj | Fni ,Fnj ,Yli,Ylj)
= qφn(Z
n
i | Fni ,Yli)qφn(Znj | Fnj ,Ylj), (13)
where φn is the parameter of the inference model for nodes. Substituting Eq. 12 and Eq. 13 into
Eq. 11, Eq. 11 can be represented as:
log p(Ollij) ≥Eqφ(Zllij |Fllij)[log pθe(Aij | Z
n
i ,Z
n
j ,Y
l
i,Y
l
j) + log p(Y
l
i)p(Y
l
j)]
−KL(qφn(Zni | Fni ,Yli) | p(Zni ))−KL(qφn(Znj | Fnj ,Ylj) | p(Znj ))
,− L(Ollij), (14)
where L(Ollij) is denoted as the ELBO on the marginal likelihood of Ollij , and KL(· | ·) is the
Kullback-Leibler (KL) divergence.
Case 2: Edges connecting two unlabelled nodes
In this case, labels of the two nodes are treated as latent variables over which we perform variational
posterior inference to infer their missing labels. Similarly, we let Ouuij = (Aij) be the observed
variable for edge weight between nodes i and j, Zuuij = (Zni ,Znj ,Yui ,Yuj ) be the collection of latent
variables of the two nodes, and Fuuij = (Fni ,Fnj ) be conditional variables of the inference model.
Then, the logarithm marginal likelihood of Ouuij can be written as:
log p(Ouuij ) ≥Eqφn (Zuuij |Fuuij )[log pθ(Ouuij ,Zuuij )− log qφn(Zuuij | Fuuij )], (15)
where the joint distribution of both the observed and latent variables, i.e. pθ(Ouuij ,Zuuij ), can be
represented as:
pθ(Ouuij ,Zuuij ) =pθ(Aij ,Yui ,Yuj ,Zni ,Znj )
=p(Zni )p(Z
n
j )p(Y
u
i )p(Y
u
j )pθe(Aij | Zni ,Znj ,Yui ,Yuj ), (16)
and the variational posterior qφ(Zuuij | Fuuij ) can be factorized as:
qφ(Zuuij | Fuuij ) = qφ(Zni ,Znj ,Yui ,Yuj | Fni ,Fnj )
= qφn(Z
n
i | Fni ,Yui )qφn(Znj | Fnj ,Yuj )qφc(Yui | Fni )qφc(Yuj | Fnj ), (17)
whereφc is the parameters of the inference model for nodes’ class labels (discriminative network).
Substituting Eq. 16 and Eq. 17 into Eq. 15, Eq. 15 can be represented as:
log p(Ouuij ) ≥ Eqφ(Zuuij |Fuuij )[log pθe(Aij | Zni ,Znj ,Yui ,Yuj ) + log p(Zni ) + log p(Znj )
+ log p(Yui ) + log p(Y
u
j )− log qφn(Zni | Fni ,Yui )− log qφn(Znj | Fnj ,Yuj )
− log qφc(Yui | Fni )− log qφc(Yuj | Fnj )]
= Eqφc (Yui ,Yuj |Fni ,Fnj )[−L(Aij)] +H(qφc(Yui | Fni )) +H(qφc(Yuj | Fnj ))
, −U(Ouuij ) (18)
where U(Ouuij ) is denoted as the ELBO of Ouuij , H(qφc(Yui | Fni )) and H(qφc(Yuj | Fnj )) are the
entropies of the label variational distributions qφc(Yui | Fni ) and qφc(Yuj | Fnj ), respectively.
Case 3: Edges connecting an unlabelled node and a labelled node
Let Oluij = (Aij ,Yli) be the observation collection of an edge connecting an unlabelled node i
and a labelled node j, Z luij = (Zni ,Znj ,Yuj ) be the collection of latent variables of the two nodes,
and F luij = (Fni ,Fnj ,Yli) be the conditional variables of variational posterior. Then, the logarithm
marginal likelihood of Oluij can be written as:
log p(Oluij ) ≥Eqφ(Zluij |Fluij )[log pθ(O
lu
ij ,Z luij )− log qφ(Z luij | F luij )], (19)
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where the joint distribution of both the observed and latent variables, i.e. pθ(Oluij ,Z luij ), can be
represented as:
pθ(Oluij ,Z luij ) =pθ(Aij ,Zni ,Znj ,Yli,Yuj )
=p(Zni )p(Z
n
j )p(Y
l
i)p(Y
u
j )pθe(Aij | Zni ,Znj ,Yli,Yuj ), (20)
and the variational posterior qφ(Z luij | F luij ) can be factorized as:
qφ(Z luij | F luij ) = qφ(Zni ,Znj ,Yuj | Fni ,Fnj ,Yli) (21)
= qφn(Z
n
i | Fni ,Yli)qφn(Znj | Fnj ,Yuj )qφc(Yuj | Fnj ).
Substituting Eq. 20 and Eq. 21 into Eq. 19, Eq. 19 can be written as:
log p(Oluij ) ≥ Eqφ(Zluij |Fluij )[log pθe(Aij | Z
n
i ,Z
n
j ,Y
l
i,Y
u
j )
+ log p(Zni )p(Z
n
j ) + log p(Y
l
i)p(Y
u
j )− log qφn(Zni | Fni ,Yui )
− log qφn(Znj | Fnj ,Yuj )− log qφc(Yuj | Fnj )]
= Eqφc (Yuj |Fnj )[−L(Aij)] +H(qφc(Yuj | Fnj ))
, −M(Oluij ), (22)
whereM(Oluij ) is denoted as the ELBO of Oluij .
Case 4: Attributes associated with the labelled nodes
In this case, we let Olaia = (Xia,Yli) be the observed variables, Z laia = (Zni ,Zaa) be the collection
of latent variables of node i and attribute a, and F laia = (Fni ,Faa,Yli) be the conditional variables
on variational posteriors, where Faa = X
T
a is the input feature of attribute a. Then the logarithm
marginal likelihood of Olaia can be written as:
log p(Olaia) ≥ Eqφ(Zlaia |Flaia )[log pθ(O
la
ia,Z laia)− log qφ(Z laia | F laia )], (23)
where the joint distribution of both the observed and latent variables, i.e. pθ(Olaia,Z laij ), can be
represented as:
log pθ(Olaia,Z laia) = pθ(Xia,Yli,Zni ,Zaa)
= p(Zni )p(Z
a
a)p(Y
l
i)pθa(Xia | Zni ,Zaa,Yli), (24)
where θa is the parameter of the generative model for attributes. The variational posterior qφ(Z laia)
can be factorized as:
qφ(Z laia | F laia ) = qφ(Zni ,Zaa | Fni ,Faa,Yli)
= qφn(Z
n
i | Fni ,Yli)qφa(Zaa | Faa), (25)
where Faa is the input feature of attribute a and φ
a is the parameter of the inference model for
attributes. Substituting Eq. 24 and Eq. 25 into Eq. 23, Eq. 23 can be represented as:
log p(Olaia) ≥ Eqφ(Zlaia |Flaia )[log pθa(Xia | Z
n
i ,Z
a
a,Y
l
i) + log p(Y
l
i)]
−KL(qφn(Zni | Fni ,Yli) | p(Zni ))−KL(qφa(Zaa | Faa) | p(Zaa))]
, −B(Olaia), (26)
where B(Olaia) is denoted as the ELBO of Olaia.
Case 5: Attributes associated with the unlabelled nodes
We let Ouaia = (Xia) be an observed attribute value, Zuaia = (Zni ,Zaa,Yui ) be the collection of latent
variables of node i and attribute a, and Fuaia = (Fni ,Faa) be the conditional variables. Then the
logarithm marginal likelihood of Ouaij can be written as:
log p(Ouaia ) ≥Eqφ(Zuaia |Fuaia )[log pθ(Ouaia ,Zuaia )− log qφ(Zuaia | Fuaia )], (27)
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where the joint distribution of both the observed and latent variables, i.e. pθ(Ouaia ,Zuaia ), can be
represented as:
pθ(Ouaia ,Zuaia ) = pθ(Xia,Zni ,Zaa,Yui )
= p(Zni )p(Z
a
a)p(Y
u
i )pθa(Xia | Zni ,Zaa,Yui ), (28)
and the variational posterior qφ(Zuaia | Fuaia ) can be factorized as:
qφ(Zuaia | Fuaia ) = qφ(Zni ,Zaa,Yui | Fni ,Faa)
= qφn(Z
n
i | Fni ,Yui )qφa(Zaa | Faa)qφc(Yui | Fni ) (29)
Substituting Eq. 16 and Eq. 29 into Eq. 27, Eq. 27 can be written as:
log p(Ouaia ) ≥ Eqφ(Zuaia |Fuaia )[log pθa(Xia | Zni ,Zaa,Yui )]−KL(qφn(Zni | Fni ,Yui ) | p(Zni ))
−KL(qφa(Zaa | Faa) | p(Zaa)) +H(qφc(Yui | Fni ))
= Eqφc (Yui |Fni )[−B(Xia,Yui )] +H(qφc(Yui | Fni ))
, −C(Ouaia ), (30)
where C(Ouaia ) is denoted as the ELBO of Ouaia .
A.3 The implementation details of SCAN
The Inference Process
As illustrated in Fig. 2, there are three types of latent random variables, i.e. Zn, Za and Yu, and our
objective function of Eq. 9 involves the computations of expectation and KL-divergence over the
three latent random variables. Similar to VAE [19], we assume all of the prior of latent variables to
be multivariate normal distribution:
p(Zni ) = N (0, ID), p(Zaa) = N (0, ID), (31)
where ID is identity matrix of size D. We also use Yui to represent the latent class variables of a
unlabelled node i, within which the probability of k-th element being 1 obeys a categorical distribution
defined as follows,
p(Yuik = 1) = Cat(Y
u
i | pi), (32)
where pi is the parameter of the categorical distribution.
The standard VAE [19] replaces inference of variational latent variable parameters with inference
neural networks. In our work, the variational distributions of nodes and attributes are chosen to be a
Gaussian distribution N (µ,σ), whose mean µ and covariance matrix σ are inferred by two different
inference models parameterized by φn and φa, respectively. Specifically, we set the variational
distribution of nodes as:
Zni ∼ qφn(Zni | Fni ,Yi) = N (µφn ,σ2φnI), (33)
where [µφn ;σ
2
φn ] ∈ RN×2D is inferred through a two-layer Graph Convolutional Network (GCN)
[20]. In Eq. 33, the label of node i, i.e. Yi, is set to be its real label Yli if it is a labelled node, or
its latent label Yui inferred by label inference model qφc(Y
u
i | Fni ) if it is an unlabelled node. In
particular, the two-layer GCN is defined as:
H(1)n = Tanh(A˜F
nW(0)n ),
[µφn ;σ
2
φn ] = A˜H
(0)
n W
(1)
n , (34)
where Fn = [A;X] is the input feature of nodes, Tanh(·) is the hyperbolic tangent activation
function, A˜ = D−
1
2AD−
1
2 is the symmetrically normalized adjacency matrix with Dii =
∑
jAij
being G’s degree matrix, and φn = [W(0)n ;W(1)n ] are trainable parameters for the node inference
layers, respectively.
For the variational distribution of attributes, we infer its parameters by a two-layer fully connected
neural network, which is given as follows:
Zaa ∼ qφa(Zaa | Faa) = N (µφa ,σ2φaI),
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H(1)a = Tanh(F
aW(0)a + b
(0)
a ),
[µφa ;σ
2
φa ] = H
(1)
a W
(1)
a + b
(1)
a , (35)
where Fa = [XT ] is the input feature of nodes and φa = [W(0)a ;b
(0)
a ;
W
(1)
a ;b
(1)
a ] are trainable parameters for the attribute inference layers, respectively.
The predictive label distribution qφc(Yui | Fni ) acts as the discriminative model trained for node
classification according to the labelled nodes. The latent label distribution for unlabelled nodes is
specified as categorical distribution over the K classes:
Yui ∼ qφc(Yui | Fni ) = Cat(Yui | piφc), (36)
where piφc = [pi1, · · · , piK ] is inferred by the two-layer fully connected layer with a softmax output
layer:
H(1)c = Tanh(F
nW(0)c + b
(0)
c ),
[pi1, · · · , piK ] = softmax(H(1)c W(1)c + b(1)c ), (37)
where φc = [W(0)c ;b
(0)
c ;W
(1)
c ;b
(1)
c ] are the parameters in the discriminative model for nodes’ class
labels.
The Generative Process
Suppose there are K class labels, the observed data points, i.e. edges in adjacency matrix A and
attributes in the node attribute matrix X, are generated by the following process:
(1) For each unlabelled node i, draw label1:
Yi ∼ Cat(Yui | piφc), (38)
where Cat(·) is the Categorical distribution.
(2) For each node i and each attribute a, draw latent vectors:
Zni ∼ N (µφn ,σ2φnI),Zaa ∼ N (µφa ,σ2φaI). (39)
(3) For each edge Aij in adjacency matrix A,
(a) if Aij is binary, draw:
Aij ∼ Ber(µθe), (40)
where Ber(·) is Bernoulli distribution.
(b) if Aij is real, draw:
Aij ∼ N (µθe ,σ2θeI). (41)
(4) For each attribute Xia in adjacency matrix X,
(a) if Xia is binary, draw:
Xia ∼ Ber(µθa). (42)
(b) if Xia is real, draw:
Xia ∼ N (µθa ,σ2θaI). (43)
As all the edges and attributes in our experimental datasets are binary valued, we implement the
generative model simply by inner product between latent variables, i.e.,
µθe = Sigmoid(〈[Zni ;Yi], [Znj ;Yj ]〉), (44)
µθa = Sigmoid(〈[Zni ;Yi],Zaa〉), (45)
where 〈·, ·〉 is the inner product operator, and Sigmoid(·) is the sigmoid function. In the situation, to
make the inner operation of Eq. 45 valid, we set the dimension of the latent attribute variable to be
K +D.
1Note that the labels of the labelled nodes have been given, and we use such given labels as input for the
whole generative process.
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A.4 Details of the Datasets
We conduct experiments on four real-world attributed network datasets, statistics information of
which is provided in Tab. 4:
• Cora & Pubmed [21]: These two datasets are citation networks, where nodes are publica-
tions and edges are citation links. Attributes of each node are bag-of-words representations
of the corresponding publications.
• BlogCatalog [14]: This is a network dataset with social relationships of bloggers from
the BlogCatalog website, where nodes’ attributes are constructed by the keywords of user
profiles. The labels represent the topic categories provided by the authors.
• Flickr [14]: It is a social network where nodes represent users and edges correspond to
friendships among users. The labels represent the interest groups of the users.
Table 4: Statistics of the datasets in experiments.
Datasets #Nodes #Edges #Attributes #Labels
Pubmed 19,717 044,338 00,500 3
BlogCatalog 05,196 171,743 08,189 6
Flickr 07,575 239,738 12,047 9
A.5 Complexity Analysis.
As shown in Appendix A.3, the layer-wise propagation rule for both the encoder and decoder
networks is the main time cost of our algorithm, while the two-layer GCN network has the highest
computational complexity in the computational propagation flow. The time complexity of the two-
layer GCN network for one epoch boils down to 2 sparse-dense-matrix multiplications for a cost of
O(|A˜+|(H +D +M +N)), where |A˜+| denotes the number of nonzero entires in the Laplacian
matrix, H is the dimension of the first hidden layer, D is the dimension of latent embeddings, M +N
is the dimension of node features. Empirically, our SCAN costs around 57s and 290s per 10 epochs
on the Flickr and Pubmed datasets, respectively, for training on an Inter i7 3.60GHz CPU computer.
A.6 Parameter Setting
We implement all the baselines with the codes released by the authors and tune the parameters of the
baselines to be optimal. For all the comparison methods, the dimension of embeddings is set to be 64
unless specifically stated. We train our model by Adam optimizer with the learning rate being 0.01 in
the iterations. The parameter β of our SCAN model is set to be 0.5 in the node classification task,
and is task-specific tuned to obtain the best performance for tasks of link prediction and attribute
inference. The parameter α is also tuned to obtain the best performance for the node classification
task.
A.7 Parameter Sensitivity
In our SCAN, we have introduced a hyper-parameter β to balance the reconstruction accuracy
between edges and attributes to get a task-specific model. To verify the effect of parameter β, we
conduct experiments on the BlogCatalog dataset: we evaluate RUC and AP scores of link prediction
and attribute inference by different β, ranging from 0.1 to 0.9. The result is shown in Fig. 4(a).
We can observe from Fig. 4(a) that, as β increases, the performance of link prediction gets better
and the performance of attribute inference gets worse. The result is quite intuitive as β controls
weight of reconstructing error between edges and attributes of the overall ELBO. This suggests the
effectiveness of β balancing the accuracy between link reconstruction and attribute inference and
making our model to be task-specific.
To show the effectiveness of SCAN on semi-supervised node classification, we also evaluate the
performance of our model on different ratio of labelled data. We conduct our experiment on
BlogCatalog, where we set the other parameters to be optimal, vary the ratio of labelled data from
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Figure 4: Effect of parameters on BlogCatalog Dataset.
0.03 to 0.2 and evaluate the corresponding accuracy of SCAN_DIS, SCAN_SVM and Planetoid-T.
We take Planetoid-T as our comparison model as it performs best in all the other baseline models on
BlogCatalog dataset. The results are shown in Fig. 4(b). As shown in the figure, the classification
accuracy of all the models increase as the number of labelled data increases. But we can notice
that as the ratio gets higher, the discriminator of our model outperforms all the other models and
achieves the best classification results. The SVM model trained using our learned representations
consistently outperforms Planetoid-T and gets the second best classification accuracy. The result
again demonstrates the effectiveness of the discriminator in our model on predicting the class of the
nodes and capability of learning high-quality embeddings of nodes.
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